This study examines the nature of the relationship between formal agricultural credit and agricultural GDP in India, specifically the role of the former in supporting agricultural growth, using state level panel data covering the period 1995-96 to 2011-12 
Introduction
The decades since 1990 have been challenging times for Indian agriculture. Growth rates of agricultural Gross Domestic Product (GDP) have been languishing and the traditional crop sectors have seen declining profitability. This has pushed policy makers to direct special attention to addressing some of the pressing concerns confronting Indian agriculture. Institutional credit has been an important lever in this effort. Indeed, as many as three major policy initiatives focussed on institutional credit have been implemented since 2000 to bolster the agricultural sector. The first policy initiative, introduced in 2004-05, was to double the volume of credit to agriculture over a period of three years (to 2006-07) , relative to the 2004-05 base to expand the reach of formal finance. Close on its heels came the Agricultural Debt Waiver and Debt Relief Scheme (ADWDRS) 2008, in response to the persistent problem of indebtedness and to alleviate financial pressures faced by the farmers. The interest rate subvention was then introduced in 2010-11 with the stated goal of providing incentives for prompt repayment of loans, partly to address the perceived fallout of the ADWDRS, that it had somehow vitiated the repayment culture. All three measures have contributed, both explicitly and implicitly, to burgeoning institutional lending to agriculture in the last decade. 2 Despite the significance of these interventions, very little is known regarding the outcomes, in particular, whether institutional credit has had the intended impact on agricultural growth. Existing commentaries focussing on this period point out the poor correlation between the two (Chavan and Ramakumar, 2007 for example) . In this context, this research project aims to understand the extent to which, if at all, growing institutional credit to agriculture supports growth in the sector. What is its precise role and through what pathways does it support agriculture? These questions assume particular significance in the context of recent speculation that agricultural credit might not entirely flow to agriculture or and that there is a significant spillover to other sectors (Chavan, 2009; Burgess and Pande, 2005 and Binswanger and Khandker, 1992) . Some ask if formal credit a `sensible' way to support agriculture in India. While answers to this question are perhaps addressed best through detailed microstudies, it is also possible to elicit patterns and relationships between agricultural credit and agricultural GDP using secondary data. This study uses secondary data to examine four specific questions: How productive is institutional credit to the agricultural sector? What has been the trend since mid-1990s? What are the pathways through which credit impacts agriculture? How, if at all, have these pathways changed over the years? Using detailed state level data for the period 1995-2012, we analyze the possible impact of credit on agricultural GDP using multiple methods, using a control function approach. We also analyse the potential pathways through which institutional credit can influence agricultural growth, focussing on the responsiveness of input demand to institutional credit flow in some detail. An aggregate analysis of this nature necessarily has severe limitations and needs to be interpreted with care but can serve to complement our understanding of the productivity of agricultural credit in India.
4
The paper is organized as follows. The following section (Section 2) provides the context of agriculture and credit in recent times, underscoring the motivation for this study. Section 3 reviews the empirical evidence on the productivity of rural credit in India, focussing on secondary data analysis at the aggregate level (state or national). Section 4 provides a conceptual framework for the present analysis. Section 5 then discusses the empirical strategies adopted in this work to tackle some inherent econometric issues that pose problems for establishing a causal relationship between credit and agricultural GDP. The section discusses the data used for the analysis and also outlines the scope and limitations of these approaches. Section 6 is devoted to the results from the econometric exercise and discusses the findings at length. The concluding section 7 closes with some remarks on the study and the way forward.
Characterizing Agriculture and Institutional Credit since the 1990s.
Both the structure of agriculture and the nature of institutional credit have been undergoing a rapid change since the 1990s but became especially pronounced since 2000. Initiatives to expand the reach of formal credit has been a goal pursued consistently in the past mainly by designating agriculture as a priority sector for lending. The introduction of schemes such as the Kisan Credit Card (KCC) scheme in 1998-99 aimed to provide farmers with adequate and timely credit support from the banking system for agriculture and allied activities in a flexible and cost-effective manner.
Three major policy initiatives in recent years have come to define the context of institutional credit to agriculture in India, as outlined in the introduction. The first policy introduced in 2004 sought to double the volume of agricultural credit relative to what it was in 2004-05, over a period of three years. Since then, the actual credit flow has consistently exceeded the target (Government of India, 2012) . Against a credit flow target of Rs.3,25,000 crore during 2009-10, the achievement was Rs.3,84,514 crore, forming 118 percent of the target. The target for 2010-11 was Rs.3,75,000 crore while the achievement on March, 2011 is Rs.4,46,779 crore (Government of India ,2013) . A second policy involved the waiving of agricultural debt for small farmers and an opportunity for one time settlement for others.
3 Close on its heels, an interest subvention scheme was introduced to reward prompt repayment of loans, widely perceived has having been vitiated by the debt waiver scheme. Under the existing interest subvention scheme, farmers get short-term crop loans at seven per cent interest. If the loan to the bank is promptly paid then the effective rate of interest to the farmer works out to four per cent a year due to the additional interest subvention. 4 Interest subvention scheme for short-term crop loans to be continued scheme extended for crop loans borrowed from private sector scheduled commercial banks. Together, these interventions have both explicitly and implicitly transferred large amounts to the agricultural sector. Although the increasing trend of institutional credit flow might have begun in 2000 itself (Ramakumar and 3 As per the provisional figures, a total of 3.01 crore small and marginal farmers and 67 lakh 'other farmers' have benefited from the Scheme involving debt waiver and debtrelief of Rs.65,318.33crore (Government of India, 2013) . 4 From kharif 2006-07, farmers are receiving crop loans upto a principal amount of 3 lakh at 7% rate of interest. In the year 2009-10, Government provided an additional 1% interest subvention to those farmers who repaid their short term crop loans as per schedule. This subvention for timely repayment of crop loans was raised from 1% to 2% in 2010-11, further 3% from the year 2011-12. Thus the effective rate of interest for such farmers will be 4 % p.a. (Government of India, 2013). Chavan, 2007) , credit flow in recent years have stood out for its magnitude, if not for reversing the trend of the 1990s. For example, ground level credit flow as a ratio of the total value of paid out inputs in agriculture and allied sector has increased from an average of 21% in 1995-96 to 2003-04 to 69% during the period 2004-05 to 2011-12 (See Appendix 1 for growth in the number of accounts) . As of 2011-12, institutional credit is equal to 85% of paid out inputs. If all institutional agricultural credit were directed to inputs, this increasing share is suggestive of credit outstripping the increasing costs and perhaps crowding out informal borrowing in the aggregate. However, in reality given the fungibility of credit, this is not self-evident.
Alongside the significant increase in the total credit flow into agriculture, the nature and source of credit have also seen significant shifts. Indirect finance has, for instance, accounted for an increasing share of total credit and in terms of the type of institution that provide credit, commercial banks have been growing in importance as a source ( Figure 2 ). As observers point out the definition of indirect finance (and what constituted permissible lending avenues) have widened in scope (Ramakumar and Chavan, 2007 , for example) accounting for the apparent increases. These tend to vary across states and over time.
Parallel to transformation in the structure of agricultural credit is the equally rapid transformation of the agricultural sector. The past two decades have seen an increase in the share of livestock relative to crops, with extraordinary growth in poultry and dairy sectors. The crop sector has seen significant diversification, to high value commodities, to horticulture for example. At the same time, the contextual constraints of agriculture have also been significant issues. Rising costs of inputs, tightening labour markets, increasing wages and a host of environmental constraints such as water and soil quality degradation have resulted in plateauing yields and thinning profit margins. The past decade has seen increasing mechanization as evidence by the sale of machinery (Figure 3 ) as well as in the machine hours employed per hectare (Figure 4 ). In particular, it is evident from state level data on the Cost of Cultivation studies in India that the mechanization process has replaced animal and draught power while decline in human labour inputs into agriculture have been less by comparison (Figure 4 There is now limited evidence that despite the widespread notion of a crisis, Indian agriculture might be more productive but that these improvements as represented by Total Factor Productivity (TFP) is coming from certain states (in the south and west) and certain sectors (such as horticulture and livestock). 6 Other evidence similarly suggests that productivity improvements is marked only in a few states (Chaudhari, 2013) . Improvements in efficiency are low for a majority of states and might have in fact declined in several states implying the presence of potential gains in production even with existing technology.
The links that institutional credit has to agricultural productivity and growth are still somewhat underresearched. Figure 5 plots the ratio of agricultural GDP to credit flow over the period 1996-2011 for the various states. It is apparent that notwithstanding the variation across states, the ratio for the country as a whole has been declining over the past 15 years and is now close to one on average. These patterns appear to indicate that although credit is contributing to a larger share of the value of purchased inputs, the relationship between agricultural GDP and agricultural credit are possibly weak, raising important questions on the role of agricultural credit. 
Empirical Evidence on the Productivity of Institutional Credit in India
The best known study of the impact of formal rural credit in the context of India is by Binswanger and Khandkher (1992) who found that rural credit has a measurable positive effect on agricultural output. Cooperative credit advanced has elasticity with respect to output of 0.063. It is larger than the elasticity of crop output with respect to predicted overall rural credit which is near 0.027, but not precisely estimated. The estimate for the impact of commercial bank branches on output is more precisely estimated at 0.02. Others suggest that the effect on output is either nonexistent, for example Burgess and Pande (2005) who claim that the increase in output due to formal credit comes entirely from increases in non-farm output, or have been negligible. 7 Others show that there is a positive association between credit and agricultural output but that this varies cross states and further that there is a positive association between the number of persons with accounts and agricultural output suggesting the financial inclusion could impact agricultural output positively (Das, et al, 2009 ). 8 However a dynamic panel data estimation of this relationship does not yield a statistically significant relationship at the state level. A district level panel for 2001-06 for four states however reveals that direct agricultural credit has a positive and immediate impact on agricultural output, and the number of account relating to indirect agricultural credit has a positive impact but with a year's lag. More recent work using time series techniques without modeling the underlying structure indicate that the elasticity of real agricultural GDP with respect to institutional credit to agriculture (from commercial banks, cooperatives and RRBs) is 0.22 with a one-year lag (Subbarao, 2012) .
9 In contrast to the somewhat ambivalent findings on the association between agircultural credit and output, there appears to be consensus that formal agricultural credit has an important effect on the use of inputs. Bhalla and Singh (2010) demonstrate in their cross sectional analysis using data for 2003-06 that the elasticity of demand for inputs with respect to credit is quite significant. At the all India level, credit elasticities for use of fertilisers, tractors and tubewells hovered around 0.85 suggesting that 10 per cent increase in supply of direct institutional credit to the farmers to leads to 8-9 per cent increase in use of fertiliser, tractors and tubewells in long run. Their finding comes from a simple model that regresses the logarithm of inputs per unit of output on logarithm of institutional credit. They find that these elasticities vary across regions and credit elasticities are exceptionally very high for tractors, tubewells and irrigation for the technologically backward eastern region. Bhalla and Singh (2010) then suggest that institutional credit is indispensable for these regions with low input and investment in agriculture. Binswangerand Khandker (1992) point out that institutional growth and higher lending volumes lead to modest increases in aggregate crop output but sharp increases in the use of fertilizers and in investments in physical capital and, substantial reductions in agricultural employment. They conclude on that basis that expansion of credit has, therefore, led to the substitution of capital for agricultural labor. These two studies emphasize the multiple pathways in which formal agricultural credit impacts production and this is well recognized by now (see Sriram 2007, for example) . If one is to understand this linkage in all its complexity, one needs a detailed construct of these relationships.
4.

Conceptualization of the Role of Formal Credit
The fundamental attribute of credit implies that it serves as an intermediate input and does not directly enter as an input into agricultural production. It is therefore an enabling input. On account of this, it plays a complex role in farmers' production decisions, unlike physical inputs that have a more transparent relationship with the levels of output.
The impact of agricultural credit on agricultural production, efficiency and productivity could potentially occur through multiple channels. A simple conceptualization identifies three pathways through which formal credit can influence outcomes ( Figure 6 ). First, formal credit can be used to purchase inputs over the cropping season, enabling a farmer to maximize the yield from the cultivated area, given a level of capital stock. This channel represents a direct and within-season impact on production. Second, formal credit can be used to make investments in irrigation facilities, machines and draught animals that represent the use of credit for building up capital stock to support agricultural production. This second channel typically impacts production with a time lag.
estimate a fixed effects model or a random effects model. The random effects model assumes that the unobserved effect is uncorrelated with all the explanatory variables. 9 The model regresses ln (AGDP) on ln (Acredit(-1)), where AGDP = GDP from agriculture and allied activities at constant prices and Acredit = Credit for agriculture and allied activities deflated by GDP deflator with one year lag. Other studies of this type include Ghosh (2010 ) , Pavaskar, et al. (2011 Both of these represent a "liquidity effect" (Binswanger and Khandkher, 1992 ) since they relieve a farmer's credit constraint and enables purchase of critical inputs to support production. Third, formal credit is often used to replace informal credit associated with high interest burden. Anecdotal evidence suggests that farmers often borrow from formal sources to pay off high interest loans taken from money lenders. This has the effect of relieving credit constraints, reducing the interest burden and indebtedness. Existing economic literature on wealth effects and risk aversion suggests that this often enables farmers to make decisions that increase profitability and efficiency. Even when formal credit is diverted to consumption, there could be an implicit wealth effect that impacts farmer's production decisions. This last channel, which incorporates a "consumption smoothing" effect is is often difficult to capture.
Collectively, formal agricultural credit can be regarded as having two kinds of impactsfirst, it could enable a farmer to move to the production frontier so that given prevalent technology, a farmer is using levels of inputs that enable him/her to produce at the frontier, from among many feasible combinations of crops. Second, it could enable a farmer to move on to a superior production frontier, so that given a level of inputs, the farmer is able to produce more of one or more of the crops. The first is represented as a move from within the production possibility set to the frontier (constituting efficiency improvement) and the second is represented as a shift of the frontier itself (constituting productivity improvement). The impact of formal agricultural credit on agricultural output conflates these two aspects of productivity and efficiency effects.
Direct Credit from formal institutions "Consumption Smoothing
Effect" Replace usurious loans, relax consumption constraints, etc.increasing the risk-bearing capacity of farmers. Empirical Strategy
a. The Challenges
Empirically, these effects are difficult to entangle. While a separation of these effects and pathways are ideally studied at the household level, this logic can be extended to an aggregate level by choosing empirical counterparts that represent these dimensions at the state or district level, with important caveats. Aggregation often masks a lot of the heterogeneity and complexity of the ways in which formal agricultural mediates production processes. The distribution of credit among farmers or farmer groups is often uneven and is not taken into account when in an aggregate analysis. Similar problems occur with aggregating over all the crops and commodities, which masks the differential impacts and relative importance of credit. While this study is cognizant of these issues, data limitations allow only an aggregate-level analysis.
Several methodological and data challenges persist in estimating the impact of formal agricultural credit on output, especially at the aggregate level. Firstly, informal credit which forms a major source of credit is something of a black box with virtually no data available on its quantum or how it is used. The fungibility of credit too poses difficult problems for research since it makes short and long term credit indistinguishable at the farmers' end. Similarly there could be spillovers into non-farm sector that are unknown to the lenders and to researchers. Direct and Indirect finance might also not be watertight categories so that it could be the case that direct credit to the farmer is in fact used for ancillary activities that support agriculture. All of these make it hard to pin down the precise nature of relationship between credit and agriculture. Further, the dynamic effects are difficult to capture since credit flow in a particular year might yield cumulative benefits over several years. This is particularly difficult to model. The other major challenges stem from data constraints at the state level. Existing data for variables of interest are not often available for all the states and for all the years, forcing us to confine the analysis to the states for which we have complete data for the period of focus.
The empirical challenges of studying the relationship between formal agricultural credit and output at an aggregate level are best described by Binswanger and Khandker (1992) . The first problem is the joint determination of both observed formal credit to agriculture and aggregate output. The second problem emanates from the absence of data on informal credit, which makes it difficult to capture the impacts of formal credit that might work through reduced informal borrowing, and not factoring this might yield the estimates that reflect the true effect of formal credit. Credit advanced by formal lending agencies such as banks is an outcome of both the supply of and demand for formal credit. The amount of formal credit available to the farmer, his/her credit ration, enters into his/her decision to make investments, and to finance and use variable inputs such as fertilizer and labor. The third econometric problem arises because formal agriculture lending is not exogenously given or randomly distributed across space. Ways to be able to address some of these issues are central concerns of this study.
b. Methodology
To parse this complex relationship given the limitations of data, a combination of three approaches are used (Box 1). The first is a simple model that regresses agricultural GDP on credit flow using state level data. This is a catchall approach that cannot comment on the pathways or provide a causal interpretation. The second method estimates a hybrid profit-production function that regresses agricultural GDP on a vector of relevant inputs, prices and agricultural credit for the same year. This is a direct approach to estimating the relationship between credit and agricultural GDP in reduced form. The possible endogeneity of credit is addressed by the use of a control function approach where a regression function is estimated that identified and then "controls" for the endogenous component of observed credit flow (Imbens and Wooldridge, 2007) . The coefficient on credit in this case captures one dimension of impact of credit that is not mediated through inputs. The third method is perhaps the most comprehensive and models the pathways approach in what is referred to as a mediation analysis framework, where inputs are regarded as mediating the relationship between institutional credit and agricultural GDP (Preacher and Hayes, 2008) . Here, a set of regressions estimates input demand as a function of credit, among other things and controlling for endogeneity of credit (indirect effect), and the hybrid production-profit function as a function of inputs and credit, recognizing that credit can also have direct effect on GDP. The coefficients representing the responsiveness of input use to institutional credit are therefore used as components to construct the total impact of agricultural credit on agricultural GDP (Preacher and Hayes, 2008) . The impact of credit on agricultural output is thus derived as the sum of the contribution of credit to the use of specific inputs, capital or the cropping pattern, weighted by the contribution of these to the total value of agricultural production. These are estimated in a Seemingly Unrelated Regression Equations (SURE) framework that acknowledges the potential interrelationship between these variables and the fact that they might be jointly determined. Appendix 2 contains a representation of the models estimated.
For all three methods we use state-level data to estimate the relevant parameters of interest for India as a whole. The analysis pertains to the time period 1995-96 to 2011-12, for which the data is complete. Further, we also perform an analysis for two sub-periods first (1995-96 to 2003-04) and post doubling (2004-05 to 2011-12) . In all the methods, we make the assumption of constant elasticity of demand, which is in fact a non-trivial assumption, but one that is typical of studies of this kind.
As mentioned earlier, the chief methodological challenge involves dealing with the the issue of endogeneity of observed credit. There are several approaches to deal with this. One approach to tackle the endogeneity of observed volumes of credit is to use the predicted supply of credit at the state level, following Binswanger and Khandker (1992) or to use lagged credit that is correlated with current year credit. Each of these involves a set of defensible assumptions. The latter approach 13 however creates problems because there could typically be lagged response of agricultural GDP which renders lagged credit an inappropriate instrument. In this study we use a control function approach to separate out the explained exogenous variation in the credit flow to agriculture from the unexplained and possibly endogenous component of credit flow and use the predicted residuals from the control function to control for endogeneity in the main set of regression equations (Imbens and Wooldridge, 2007) . Appendix 2 provides more details on the approach and the regressions estimated. The standard errors for both models 2 and 3 are bootstrapped to account for the use of predicted variables as explanatory variables.
c. Data Sources
To implement this method, we use a data set that is more detailed than used in the literature till date. For all the major states in India details on credit, agricultural GDP, composition of the value of output in the agriculture and allied sector and variables relating to land under cultivation provide the key variables of interest. Data on physical quantities of Nitrogen, Phosphorus and Potassium fertilizers have been assembled as also pesticides (technical grade) as also tractors and pumpsets energized. Use of certified seeds in only available at the national level and is only used in explain agricultural GDP but not as a separate input since this cannot be done at the state level. Other state level variables representing the level of development include per capita State Domestic Product, percentage of villages electrified, the number of commercial bank branches. Prices are typically available at the all-India level, for the various inputs, power and fuel as well as output (food grains, etc.). State level wage rates are compiled and in the absence of annual data on labour inputs used, wage rates are expected to proxy labour use. We are also able to account for labour, machine and animal power intensity per hectare from Cost of Cultivation data at the state level. These are computed within state as the weighted average across crops (with weights being the area under different crops), and across states as the weighted average across states (with weights being the state's share of gross cropped area). While for labour and animal, we use hours per hectare, machine use data are in value terms. Appendix 3 provides details of the data used for the analysis and the sources. While data is not available for all the states for all the years, only those states and years for which all data was available are used in the analysis. Essentially, the data then consists of time series data for the major states so that the panel data framework is used to estimate the impact of credit on agricultural output at the national level, with state fixed effects. The models are estimated for the major agricultural states, since data is not complete for all the states.
d. Scope and Limitations of the Study
The scope of this effort will be limited to estimating the impact of formal credit from different institutions -cooperatives, rural and commercial banks -on agricultural output. The spillover effects of formal credit on the rural non-farm sector will not be addressed specifically, an issue that research suggests might be quite important (Pande and Burgess, 2005) . Neither does this work address the implications of recent interventions in credit policy such as debt waiver; this is already studied elsewhere (Kanz, 2012; Cole, 2009) . Another important area that is beyond the remit of this study is the fiscal implication of the system of disbursing formal rural credit. One could argue that to gauge the true impact of credit, one would have to account for the fiscal burden (or some notion of net benefit cost ratio) (Binswanger and Khandkerm 1992) . In this work, the question of interest is to gauge whether or not direct formal rural credit impacts agricultural output, the extent to which it does so and the relative importance of the different pathways through which these effects occur.
6.
The Results a.
The Productivity of Credit: Credit Elasticity of Agricultural GDP
The range of estimates obtained from the various methods suggest that the credit elasticity of agricultural GDP for the entire period 1995-96 to 2011-12 is 0.21, i.e. a 10% increase in institutional credit flow to agriculture in current prices is associated with a 2.1% increase in agricultural GDP that year expressed in current prices (Table 1) . This model controls for prices and hence account for inflation.
Compared with these results in the simple model (method 1), the estimated credit elasticity is 0.04 when the model controls for the use of inputs and a vector of input and output prices and for the possible endogeneity of credit through a control function approach (method 2). The structural model incorporating the pathways through which credit influences agricultural GDP (method 3) yields estimates of credit elasticity of 0.02. But neither method indicates that these coefficients are statistically significant (Table 1) .
The results from a period-wise disaggregate analysis is less conclusive. While the simple model suggests that the elasticity continues to be statistically significant but has weakened in the second period, the other two approaches, one that controls for prices and inputs and the other the captures the pathways suggest that the relationship between credit and agricultural GDP may have declined, but none of the estimated credit elasticity coefficients are statistically significant and hence on cannot reject the null that the responsiveness of agricultural GDP to credit has been zero.
At the state level, estimates of credit elasticity of agricultural GDP from the `simple' model, the only feasible option given the data, vary mostly between 0.05 and 0.7 with several states show statistically insignificant elasticities (Table 2) . Further, at the state level, the time trend of elasticity estimates varies across states. In some states the relationship appears to have strengthened post doubling (for example, in Tamil Nadu, Maharashtra and Gujarat) whereas for several others it has weakened (including for Himachal Pradesh, Rajasthan, Uttar Pradesh, Karnataka, Kerala, Chhattisgarh Madhya Pradesh, etc.). Punjab appears to show a consistently strong relationship between agricultural GDP and credit. Notwithstanding these variations, a striking feature in the relationship between agricultural GDP and credit flow is the pronounced convergence in the agricultural GDP-credit flow ratio suggesting that perhaps the marginal returns to credit might be equalizing across states (Figure 7) . Appendix 6 provides some details of the regional imbalances in credit flow relative to the contribution of these regions to agricultural GDP.
Further clarity and insight can only be obtained through detailed case studies or primary surveys, owing to the paucity of state level data that precludes modeling efforts at the state level.This underscores the potential problems with aggregation and that observations on trends cannot be generalized. 
b. Pathways of "productivity" : Input Demand and Credit Flow
If credit is an enabling or mediating input, its impact on output and productivity operates through its influence on the level of purchased inputs, variable and fixed. A system of input demand functions is estimated as a Seemingly Unrelated Regression Equations (SURE), with credit as one of the explanatory variables along with the predicted residuals from the control function to account for the endogeneity of credit (Table 3 ). The inputs included are fertilizers (a total of Nitrogen, Phosphate and Potassic fertilizers), pesticides, tractors purchased and pumpsets energized annually. The other inputs include labour and animal power intensity as well as expenditure per hectare on machine use. Controls include other inputs like land, distinguished by type of irrigation, prices of inputs, prices of food articles, lagged wages of unskilled labour, government expenditure, lagged variable accounting for the structure of agriculture. Due to paucity of state level annual data, detailed information on other equipments are not available for inclusion; tractors are therefore a coarse proxy for equipment. 10 So too with pumpsets, which represent one type of irrigation investment. Investments in drip and sprinkler irrigation, etc. are hard to capture for lack of data. The inclusion of government expenditure likely captures the subsidies offered for these irrigation investments. These results need to be interpreted with caution. The results (Table 1) suggest that over the entire period, institutional credit has a strong association with all inputs excepting pumpsets energized. A 10 % increase in credit flow in nominal terms leads to an increase by 1.7% in fertilizers (N, P, K) consumption in physical quantities, 5.1% increase in the tonnes of pesticides, 10.8% increase in tractor purchases. The credit elasticity of new pumpsets energized is however not statistically significant.
Interestingly, there appears to be a marked shift in the pathways between the first and second phases. Whereas in the first phase, institutional credit seems to have been channelled into purchase of variable inputs such as fertilizers, in the second phase, credit seems to be directed to investments in tractors. This is consistent with the popular perception that high labour costs and a shortage of farm hands is prompting mechanization and it appears that credit is aiding and enabling this transition. The absence of a strong relationship with pumpsets could be on account of the variable representing irrigated land and perhaps government expenditure, which might include subsidies for pumpsets. There might thus be a conflation of the many explanatory variables.
It is apparent that availability of credit also reduces the labour intensity of agriculture by 2%. However there is no evidence that could be is consistent with the idea of labour substituting mechanization. One possible interpretation is that increasingly some operations such as manual weeding are being replaced by the use of chemical weedicides and so on. Likewise greater ownership of tractors reflects this mechanization rather than just the paid out cost for machine use. Alternatively it could be that mechanization as represented by the responsiveness of tractors to credit flow substitutes animal power (rather than labour use).
Usually, this weak relationship especially of capital equipment such as tractor and pumpset is strongly suggestive that mechanization is preserving productivity or agricultural growth rather than enhancing it (Binswanger and Khandkher, 1992) . In these contexts, credit can be interpreted as performing two roles the preservation of productivity levels by supporting mechanization of certain kinds and contributing to the growth of agricultural GDP through the purchase of variable inputs. All these results collectively suggest that credit indeed appears to have played a role in supporting the changing face of agriculture in India.
Overall, it seems quite clear that input use is sensitive to credit flow, whereas GDP of agriculture is not. This seems to indicate that the ability of credit to engineer growth in agricultural GDP is impeded by a problem of productivity and efficiency where the increase in input use and adjustments in the pattern of input use are not (yet) translating into higher agricultural GDP. Credit seems therefore to be an enabling input, but one whose effectiveness is undermined by low technical efficiency and productivity. 
Concluding Remarks
This paper sought to investigate the relationship between institutional credit to agriculture and agricultural Gross Domestic Product (GDP). Collectively, the results suggest that the fears that credit might be ineffective are perhaps misplaced. There is strong evidence that credit is indeed playing its part of supporting the purchase of inputs and perhaps even aiding the agricultural sector respond to its contextual constraints.
The evidence of the impact of credit on agricultural GDP is however weak at best , irrespective of the approach used, assuming a constant credit elasticity of agricultural GDP. Empirical patterns suggest that the relationship between credit and agricultural GDP is somewhat weak in the second phase. Further, as is evident from the regression of agricultural GDP on inputs and prices, other than fertilizers and labour, few inputs are strong drivers of GDP. In fact it appears that the sectoral composition and output prices are important determinants of agricultural GDP, apart from certain types of government expenditure and the irrigated area. Usually, this weak relationship especially of capital equipment such as tractor and pumpset is strongly suggestive that mechanization is preserving productivity or agricultural growth rather than enhancing it. In these contexts, credit can be interpreted as performing two roles the preservation of productivity levels by supporting mechanization of certain kinds and contributing to the growth of agricultural GDP through the purchase of variable inputs. All these results collectively suggest that the success of credit in enabling the increase in use of purchased inputs and effecting changes in input mix, supporting the changing face of agriculture in India has not translated fully into agricultural GDP growth as such. Where i refers to the state and t the financial year.
is the `lagged' credit elasticity of agricultural GDP. In this version, the non-lagged version is presented but the results are comparable.
Method 2: Reduced Form Control Function Approach
Credit equation/ Control Function
The first step in this method is to address the endogeneity of credit. Since the demand for credit itself could be a result of agricultural GDP, a control function approach is adopted to separate out that part of credit that could be due to exogenous factors and that part which might represent the endogenous component. In this regression, we use variables that are hypothesized to exogenously influence the level of credit. This includes the previous year's rainfall, per capita income, structure of agriculture and the number of branches of commercial banks in the state.
where represents the total credit flow to agriculture (all sources and short and long term) and . can be regarded as the endogenous part of credit, the estimated values of which are used in the next stage regression.
Outcome function
The outcome function is essentially a hybrid production-profit function that maps a set of inputs to outputs, controlling for exogenous factors such as the weather, market prices of output and inputs, public infrastructure. Since the aggregate value of output is likely sensitive to the composition of crops or the cropping pattern, the regression will control for the proportion of area under the major groups of crops -foodgrains (cereals and pulses), oilseeds, fibre, horticulture, spices and plantation crops (such as tea, rubber and coffee). In lieu of private and public capital stock and investment in agriculture which capture capital inputs into production but are not available for all the states, select machinery and equipment are included. A key component of this regression is the estimated "control" variable from the Control Function described above that serves to control for endogeneity and thereby allow us to interpret the coefficient on credit as a causal effect rather than mere correlation.
where K is the credit flow, Z is the vector of inputs (including N, P K fertilizers, pesticides, tractors and pumpsets) and other factors (O) such as rainfall, per capita state domestic product, percentage of villages in the state that are electrified and so on, P is the vector of prices, etc.
is the credit elasticity of agricultural GDP, with associated bootstrapped standard errors for hypothesis testing.
Method 3: Reduced Form Control Function Approach (a) Credit equation/ Control Function (b) Input / Capital Demand Equations
In order to retrieve the coefficients that represent the different pathways, we will estimate the set of structural equations to understand the relative contribution of credit to different components of the agricultural production-profit function.
The input demand functions depend on credit (among other things). We then estimate input demand equations as a system, where the inputs are measured in physical units, and explanatory variables include both the "control" variable and credit. The rapid changes in the cropping pattern in India in the past two decades is both in response to the growing market opportunities as well as the growth of processing sectors which in turn are likely impacted by indirect credit. So the composition of the agricultural sector and the growing importance of livestock, poultry and fisheries would need to be accounted for. Credit for purchase of milch animals as well as construction of broiler sheds for contract growing are important components of agricultural output. Due to paucity of detailed annual data on draught animals, share of livestock output in total agricultural output is used as a proxy. The inputs used include fertilizers such as Nitrogen (N), Phosphorous (P) and Potassium (K), pesticides. Standard errors are computed through bootstrapping procedures to account for the fact that these regressions use predicted values at different stages.
(c) Outcome function
We then estimate the function explaining agricultural GDP in monetary terms as a hybrid profit function. Compute the total impact of credit as the sum of the impacts on inputs weighted by the impact of the input in question on agricultural GDP.
(d) Credit Elasticity of Agricultural GDP
The impact of credit on agricultural GDP can then be derived as the sum of the contribution of credit to the use of specific inputs, capital or the cropping pattern, weighted by the contribution of these to the total value of agricultural production. Standard errors reflect bootstrapped estimates. 
